The essential oil of Micromeria fruticulosa (Lamiaceae) growing wild in Croatia was obtained by hydrodistillation and analyzed by GC and GC/MS. Sixtyfour compounds, representing 90.1% of the oil, were identified. The major components were oxygenated monoterpenes and sesquiterpenes with pinocarvone (17.6%), borneol (11.2%), α-bisabolol (10.5%), caryophyllene oxide (4.6%) and linalool (4.5%) as the most abundant. The essential oil showed antiviral activity against CMVsat infection.
Despite a wide spectrum of biological activities of essential oils, only a limited amount of information is available about the effects of essential oils on viruses and viral infections in plant systems [1ag] . In our previous investigations we demonstrated that sesquiterpenes-rich essential oils from different plant species inhibit development of local lesions in Cucumber mosaic virus and Tobacco mosaic virus infected plants [1a, d, e, g] . With the exception of our previous work dealing with antiphytoviral activity of Micromeria graeca (L.) Rchb. essential oil [1g], according to our knowledge there are no other literature data concerning antiphytoviral activity of essential oils of species within the genus Micromeria.
In this work the chemical composition and antiviral activity of the essential oil and selected oil components M. fruticulosa (Bertol.) Šilić from Croatia against Cucumber mosaic virus containing satellite RNA (CMVsat) infection was investigated. M. fruticulosa (syn. Satureja fasciculata Rafn; S. approximata Biv., Micromeria graeca (L.) Bentham subsp. fruticulosa (Bertol.) Guinea, Thymus fruticulosus Bertol) is semi-shrub, 10-30 cm tall, with very dense and branched stems covered with thick, vertically protruding white hairs [2] . Essential oil composition within the genus Micromeria revealed significant variability. The composition of the essential oils of M. cristata, M. juliana, M. dalmatica, M. albanica, M. thymifolia, M. graeca, M. libanotica and M. parviflora has been reported [3a-f] . Thus, there is considerable research interest towards assaying the composition and biological properties of Micromeria essential oils. Cucumber mosaic virus (CMV) is selected for research of antiphytoviral activity because it has a wide host range comprising about one thousand plant species, including some of the most important crops. Some strains of CMV are associated with satellite RNAs (satRNA), which depend on their helper virus for replication and movement [4a] and can have pronounced effects on the host plant symptoms [4b].
This study contributes to the knowledge of the essential-oil composition of the genus Micromeria, and, for the first time, the antiphytoviral activity of the essential oil of M. fruticulosa was investigated. The results of this study will contribute to the better understanding of antiviral activity of essential oils in general and point up components of the oil that could be responsible for the antiphytoviral effect.
Aerial parts of wild-growing M. fruticulsa were collected in the cracks of carbonate rocks on the island of Sušac (southern Dalmatia, Croatia) within the eumediterranean community Thero-Brachypodietea. The isolated essential oil has been analyzed by GC and GC/MS using polar and non-polar capillary columns. The total yield of oil was 0.1%, based on the dry weight of samples (Table 1) . Sixty-four compounds were identified representing 90.1% of the total oil. The oil was characterized by a high concentration of oxygenated monoterpenes (40.9%) of which pinocarvone (17.6%), borneol (11.2%) and linalool (4.5%) were the major compounds. Among oxygenated sesquiterpenes (18.4%), α-bisabolol (10.5%) and caryophyllene oxide (4.6%) were the major compounds, followed by sesquiterpene hydrocarbons (12.5%) of which βbisabolene (4.3%) and (E)-caryophyllene (2.5%) were dominant. Phenolic, aliphatic ketone and carbonylic class compounds were represented by fourteen compounds forming 6.3% of the total oil content. The phenolic compound carvacrol (2.3%) was the major component in this class. Essential oil of M. fruticulosa growing wild in southern Italy is characterized by a higher percentage of γterpinene (14.5%), β-caryophyllene (12.6%), p-cymene (8.9%), αpinene (8.2%) and β-bisabolene (7.2%) [5a,b] when compared with the content of these compounds in the oil of M. fruticulosa from Croatia. There are no other literature data about the essential oil composition of this plant species.
Results dealing with antiphytoviral activity of essential oils indicate that these plant metabolites can trigger a response to viral infection [1a-g] . In our previous investigations we reported that essential oils of Satureja montana ssp. variegata, Teucrium polium, T. flavum, T. montanum, T. chamaedrys, T. arduini, Eryngium alpinum, E. amethystinum and Micromeria graeca may inhibit local lesion numbers in CMV infected plants [1a, d, e, g] . The aim of this study was to investigate the antiviral activity of the essential oil of M. fruticulosa against CMVsat infection in parallel with antiviral activity of two oil components that could be responsible for the antiviral activity of the oil. α-Bisabolol and borneol were selected for the antiviral assay because both components were detected in NPC Natural Product Communications 2017 Vol. 12 No. 7 1133 -1135 1134 Natural Product Communications Vol. 12 (7) 2017 Ruščić et al. 90.1 Retention indices determined relative to a series of n-alkanes (C8-C40) on the capillary column RI a , VF-5MS column, RI b , CP Wax 52 column; IM, Identification Method; RI, comparison of RIs with those listed in a homemade library, reported in the literature [6b], and/or of authentic samples; MS, comparison of mass spectra with those listed in the mass spectral libraries NIST02 and Wiley 7; S, coinjection with reference compounds; tr, trace (less than 0.05%); -, component not identified.
the essential oils of the above listed species and also have not been tested for antiviral activity so far. Apart from their high percentage of the essential oil composition of M. fruticulosa (Table 1) , α-bisabolol is the main component of M. graeca essential oil [1g], and one of the main components of Eryngium alpinum and E. amethystinum essential oils [1c] . Aside from the mentioned Eryngium species, borneol is present in lower percentage in the composition of the essential oils of all the above listed species.
A comparision (t-test) of the mean number of lesions on Chenopodium quinoa plants with the corresponding control plants showed that treatment with essential oil of M. fruticulosa prior to virus inoculation significantly reduced the number of lesions with an antiviral activity rate of 43.6% ( Table 2 ). In relation to the oils previously tested for antiviral activity, the essential oil of M. fruticulosa showed promising antiphytoviral effect. Comparing the composition and antiviral activity of M. fruticulosa oil with the present literature data, some similarities are noticed. The essential oil of M. fruticulosa (Table 1) is characterized by a significant proportion of oxygenated monoterpenes, like the oil of Satureja montana that was effective in reduction of infection with tobacco mosaic virus and cucumber mosaic virus [1e]. The oil of M. graeca from Vis (Croatia), rich in oxygenated monoterpenes and sesquiterpenes, strongly reduced CMVsat infection [1g]. In addition, essential oils of several Teucrium species that are rich in monoterpenes and sesquiterpenes also inhibited CMV infection [1a] . Both oxygenated monoterpenes and sesquiterpenes form high percentages in the oil of M. fruticulosa (Table 1) indicating similarity between the dominant classes of chemical compounds and antiviral activity of the oils. The differences between the main individual components of M. fruticulosa essential oil and those of the previously investigated oils may cause differences in antiviral efficiency. Although we assume that α-bisabolol and borneol could be antiviral components in the oil of M. fruticulosa, the results of this study deny such an assumption. Applied to C. quinoa plants prior to virus inoculation, both components were ineffective in reducing the number of local lesions ( Table 2 ).
The use of plant species in the treatment of plant viral diseases is an extensively explored area, and this paper presents new information about the antiphytoviral activity of M. fruticulosa essential oil. The results of this study proved the antiphytoviral activity of M. fruticulosa essential oil against CMVsat infection and clarified that this activity is not the result of either α-bisabolol or borneol in the oil composition. Table 2 : Inhibition percentage (IP) of local lesion number (LLN) on the leaves of Chenopodium quinoa plants inoculated with Cucumber mosaic virus containing associated satellite RNA (CMVsat). Before inoculation plants were, for two consecutive days, sprayed with essential oil of Micromeria fruticulosa, α-bisabolol and borneol. Control plants were inoculated with virus inocula and pretreated with distilled water. Values are expressed as the mean value ± standard error mean (SEM) calculated based on the three independent evaluations. The asterisk (*) denotes significant inhibition of local lesions number compared with control (n=3; p<0.05). L.L.N.±SEM IP (%) control 11.0±1.2 / M. fruticulosa essential oil 6.2±1.0 43.6*
